N 6 -Acetyl-2'-O-(2'cyanoethoxymethyl)-(8-13 C)-adenosine (3)
Compound 2 (1.04 g, 1.64 mmol, 1.00 eq.) was dissolved in 10 mL anhydrous tetrahydrofuran and TEA·3HF (0.29 g, 1.81 mmol, 1.10 eq.) was added. The solution was stirred under argon atmosphere at 45°C for 2 hours. TLC (CH 2 Cl 2 /MeOH = 10/1) showed a complete conversion, the solvent was removed in vacuo and crude compound 3 was obtained. Further purification actions and a characterization with NMR spectroscopy were not carried out, crude product 3 was applied for the next reaction step. Yield: Assumption: 643 mg of compound 3 (1.64 mmol, 100%) TLC: (CH 2 Cl 2 /MeOH = 10/1), R f = 0.16 1 H-NMR: not determined N 6 -Acetyl-2'-O-(2'cyanoethoxymethyl)-5'-O-(4,4'-dimethoxytrityl)-(8- 13 
C)-adenosine (4)
Crude compound 3 (643 mg, 1.63 mmol, 1 eq.) was co-evaporated with anhydrous pyridine thrice, then dissolved in 10 mL anhydrous pyridine. To the reaction mixture 4,4'dimethoxytrityl chloride (0.67 g, 1.97 mmol, 1.20 eq.) was added in three equal portions in intervals of 30 minutes. The reaction was monitored by TLC (CH 2 Cl 2 /MeOH = 95/5) and showed a complete conversion after 1.5 hours of stirring at room temperature under argon atmosphere. Pyridine was removed at the rotary evaporator, the residual oil was dissolved in methylene chloride and washed with saturated sodium bicarbonate solution and 5% citric acid. The organic phase was dried over sodium sulfate, the filtrate was evaporated to dryness and the residue was co-evaporated with toluene. The crude product was purified by column chromatography (35 g SiO 2 , CH 2 Cl 2 /MeOH = 100/0 -90/10). Pure compound 4 was isolated as an off-white foam after drying under high vacuum. Yield: 1.05 g of an off-white foam (1.51 mmol, 93%) TLC: (CH 2 Cl 2 /MeOH = 95/5), R f = 0.28 1 H-NMR (300 MHz, DMSO-d 6 , 25°C): δ 10.71 (s, 1H, N 6 H); 8.63 (s, 1H, C(2)H); 8.22 (d, 1H, C(8)H, 1 J CH = 213,42 Hz); 7.37 -7.21 (m, 9H, arom. CH); 6.85 -6.81 (m, 4H, arom. CH-C-OCH 3 ); 6.20 (d, 1H, C(1')H, 3 J HH = 4.40 Hz); 5.44 (d, 1H, C(3')OH, 3 J HOH = 6.08 Hz); 4.93 (t, 1H, C(2')H, 3 Compound 4 (1.05 g, 1.51 mmol, 1.00 eq.) was dissolved with 10 mL of anhydrous methylene chloride and N,N-diisopropylethylamine (1.14 mL, 6.60 mmol, 4.37 eq.) was immediately added. After 20 minutes of stirring at room temperature under argon atmosphere, 2´cyanoethyl-N,N-diisopropylchlorophosphoramidite (0.54 g, 2.27 mmol, 1.50 eq.) added and the solution was stirred for 2 hours. Monitoring by TLC (EtOAc/acetone = 95/5) showed a complete conversion, so 2 mL of anhydrous methanol were added, the reaction mixture was diluted with methylene chloride and washed with half-saturated sodium bicarbonate solution. The organic layer was dried over sodium sulfate, the filtrate was evaporated under reduced pressure and the resulting crude product was purified via column chromatography (40 g SiO 2 , EtOAc/acetone: 5/1 + 1% triethylamine). Pure compound 5 was obtained as a white foam consisting of two diastereomeres. Yield: 1.16 g of an off-white foam (1.30 mmol, 86%) TLC: (EtOAc/acetone = 95/5), R f = 0.59 + 0.63 1 H-NMR (300 MHz, CDCl 3 , 25°C): δ 8.64 (s, 1H, N 6 H); 8.47 (s, 1H, C(2)H); 8.24 (d, 1H, C(8)H, 1 J CH = 213.69 Hz); 7.36 -7.25 (m, 9H, arom. CH); 6.87 -6.82 (m, 4H, arom. CH-C-OCH 3 ); 6.25 (d, 1H, C(1')H, 3 was added and stirred under equal conditions. After 1.5 hours monitoring by TLC (EtOAc/nhexane = 7/3) showed complete conversion, the solution was diluted with methylene chloride and washed with saturated sodium bicarbonate solution. The organic layer was dried over sodium sulfate and the solvent was evaporated. After drying under high vacuum the crude compound 6 was obtained as an amber colored foam. No further purification steps and characterization via NMR spectroscopy were carried out. The crude product 6 was used in the next step of synthesis. Yield: Assumption: 4.18 g of compound 6 (4.99 mmol, 100%) TLC: (EtOAc/n-hexane = 7/3), R f = 0.93 1 H-NMR: not determined. 13 C-NMR: not determined.
2'-O-(2-cyanoethoxymethyl)-3',5'-O-(tetraisopropyldisiloxane-1,3-diyl)-5-D-6-13 C-cytidine (7)
Crude compound 6 (4.18 g, 4.99 mmol, 1.00 eq.) was dissolved in 50 mL anhydrous tetrahydrofuran and 50 mL of aqueous ammonia (28,0%) was added. After the solution was stirred vigorously at room temperature for 18 hours, monitoring by TLC (CH 2 Cl 2 /MeOH = 9/1) showed a complete conversion. The solvent was removed under reduced pressure and the residue was shortly dried under high vacuum before it was resolved in methylene chloride and washed with saturated sodium bicarbonate solution. The organic layer was dried over sodium sulfate, evaporated to dryness and again dried under high vacuum. The residual white-brown foam was solved in methylene chloride and purified with column chromatography (60 g SiO 2 , CH 2 Cl 2 /MeOH: 100/0 -95/5). The pure compound 7 was obtained as a white solid. Yield: 2.68 g of a white solid (4.68 mmol, 94%). TLC: (CH 2 Cl 2 /MeOH = 9/1), R f = 0.50 1 H-NMR (300 MHz, CDCl 3 , 25°C): δ 7.79 (d, 1H, 13 C(6)H, 1 J CH = 180.79 Hz); 7.42 (br, 1H, NH 2 ); 5.62 (singlettoid, 1H, C(1')H); 5.05 (d, 1H, -O-CH' 2 -O-, 2 J HH = 6.58 Hz); 4.91 (d, 1H, -O-CH'' 2 -O-, 2 J HH = 6.58 Hz); 4.22 -3.92 (m, 5H, C(2')H; C(3')H; C(4')H; C(5')H, C(5'')H); 3.79 (t, 2H ,-O-CH 2 -CH 2 -, 3 J HH = 6.10 Hz ); 2.83 -2.78 (m, 2H, -O-CH 2 -CH 2 -); 1.08 -1.00 (m, 28H, 4x-Si-CH-(CH 3 ) 2 ; 4x -Si-CH-(CH 3 ) 2 ). 13 C-NMR (75 MHz, CDCl 3 , 25°C): δ 165.84 (C(4)); 154.64 (C(2)); 140.49 ( 13 C(6)); 122.18 (C(5)); 119.84 (-CH 2 -CN); 94.10 (-O-CH 2 -O-); 89.92 (C(1')); 81.67 (C(2')); 78.48 (C(3')); 68.64 (C(4')); 63.13 (-O-CH 2 -CH 2 -); 60.38 (C(5')); 18.81 (-O-CH 2 -CH 2 -); 18.20 -12.87 (-Si-CH-(CH 3 ) 2 ; -Si-CH-(CH 3 ) 2 ).
N 4 -Acetyl-2'-O-(2-cyanoethoxymethyl)-3',5'-O-(tetraisopropyldisiloxane-1,3-diyl)-5-D-6-13 C cytidine (8)
Compound 7 (2.68 g, 4.68 mmol, 1.00 eq.) was dissolved in 20 mL absolute N,Ndimethylformamide and acetic anhydride (450 µL, 4.86 mmol, 1.00 eq.) was added. The colorless solution was stirred at room temperature and under argon atmosphere for 15 hours. TLC (CH 2 Cl 2 /MeOH = 9/1) showed a complete conversion, so 1 mL of anhydrous methanol was added to quench the reaction. The mixture was diluted with methylene chloride and washed with saturated sodium bicarbonate solution and saturated sodium chloride solution twice. The organic layer was dried over sodium sulfate, the solvent was evaporated and the residual oil dried under high vacuum. The crude product was purified by column chromatography (40 g SiO 2 , CH 2 Cl 2 /MeOH: 100/0 -98/2) to give the pure compound 8 as a white solid. Yield: 2.15 g of a white solid (3.50 mmol, 75%). TLC: (CH 2 Cl 2 /MeOH = 9/1), R f = 0.75 1 H-NMR (300 MHz, CDCl 3 , 25°C): δ 9.80 (s, 1H, N 4 H); 8.32 (d, 1H, 13 C(6)H, 1 J CH = 183.94 Hz); 5.80 (singlettoid, 1H, C(1')H); 5.11 (d, 1H, -O-CH' 2 -O-, 2 J HH = 6.76 Hz); 5.03 (d, 1H, -O-CH'' 2 -O-, 2 J HH = 6.87 Hz); 4.35 -4.21 (m, 4H, C(2')H; C(3')H; C(4')H; C(5')H); 4.08 -4.00 (m, 2H , C(5'')H; -O-CH' 2 -CH 2 ); 3.91 -3.84 (m, 1H , -O-CH'' 2 -CH 2 ); 2.76 -2.70 (m, 2H, -O-CH 2 -CH 2 -); 2.30 (s, 3H, -NH-CO-CH 3 ); 1.13 -1.02 (m, 28H, 4x-Si-CH-(CH 3 ) 2 ; 4x -Si-CH-(CH 3 ) 2 ). 13 C-NMR (75 MHz, CDCl 3 , 25°C): δ 171.11 (NH-CO-CH 3 ); 163.40 (C(4)); 155.18 (C(2)); 144.41 ( 13 C(6)); 118.29 (C(5)); 94.83 (-O-CH 2 -O-); 90.51 (C(1')); 82.33 (C(4')); 78.12 (C(2')); 68.25 (C(3')); 63.14 (-O-CH 2 -CH 2 -); 59.72 (C(5')); 25.31 (NH-CO-CH 3 ); 19.10 (-O-CH 2 -CH 2 -); 18.20 -12.87 (-Si-CH-(CH 3 ) 2 ; -Si-CH-(CH 3 ) 2 ).
N 4 -Acetyl-2'-O-(2-cyanoethoxymethyl)-5-D-6-13 C cytidine (9)
Compound 8 (2.15 g, 3.50 mmol, 1.00 eq.) was dissolved in 20 mL anhydrous tetrahydrofuran and triethylamine trihydrofluoride (0.63 g, 3.85 mmol, 1.10 eq.) was added. The solution was stirred under argon atmosphere at 45°C for 2 hours. After 40 minutes the product already began to precipitate as a white solid, at the end of the reaction time almost the whole mixture became solid. The flask was put on ice for 30 minutes, in which the precipitation was accomplished. The solid product was filtered and washed with cold tetrahydrofuran. The solid phase was allowed to dry under high vacuum and pure compound 9 was obtained as a white powder. Yield: 1.05 g of a white powder (2.82 mmol, 81%). TLC: (CH 2 Cl 2 /MeOH = 95/5) R f = 0.06 1 H-NMR (300 MHz, DMSO-d 6 , 25°C): δ 10.90 (s, 1H, N 4 H); 8.46 (d, 1H, 13 C(6)H, 1 J CH = 182.73 Hz); 5.85 (singlettoid, 1H, C(1')H); 4.95 (d, 1H, -O-CH' 2 -O-, 2 J HH = 6.70 Hz); 4.84 (d, 1H, -O-CH'' 2 -O-, 2 J HH = 6.82 Hz); 4.11 (m, 2H, C(2')H; C(3')H); 3.93 (m, 1H, C(4')H); 3.81-3.61 (m, 4H, C(5')H; C(5'')H; -O-CH 2 -CH 2 ); 2.78 (t, 2H, -O-CH 2 -CH 2 -, 3 J HH = 6.13 Hz); 2.11 (s, 3H, -NH-CO-CH 3 ). 13 C-NMR (75 MHz, CDCl 3 , 25°C): δ 171.87 (NH-CO-CH 3 ); 163.26 (C(4)); 155.38 (C(2)); 145.75 ( 13 C(6)); 120.02 (C(5)); 94.44 (-O-CH 2 -O-); 89.59 (C(1')); 85.04 (C(4')); 79.63 (C(2')); 68.34 (C(3')); 63.19 (-O-CH 2 -CH 2 -); 60.24 (C(5')); 25.22 (NH-CO-CH 3 ); 18.86 (-O-CH 2 -CH 2 -).
N 4 -Acetyl-2'-O-(2-cyanoethoxymethyl)-5'-O-(4,4'-dimethoxytrityl)-5-D-6-13 C cytidine (10)
Compound 9 (1.05 g, 2.82 mmol, 1.00 eq.) was co-evaporated with anhydrous pyridine twice and then dissolved in 20 mL anhydrous pyridine. To the reaction mixture 4,4'dimethoxytrityl chloride (1.15 g, 3.38 mmol, 1.20 eq.) was added in three equal portions in intervals of 20 minutes. The reaction was monitored by TLC (CH 2 Cl 2 /MeOH = 95/5) and showed a complete conversion after 1.5 hours of stirring at room temperature under argon atmosphere. The solvent was removed at the rotary evaporator, the residual oil was dissolved in methylene chloride and washed with saturated sodium bicarbonate solution, then with 5% citric acid. The organic phase was dried over sodium sulfate, the filtrate was evaporated to dryness and the residue dried under high vacuum.
The resulting foam was purified by column chromatography (40 g SiO 2 , CH 2 Cl 2 /MeOH = 100/0 -97/3) and pure compound 10 was isolated as a white foam after drying under high vacuum. Yield: 1.70 g of a white foam (2.52 mmol, 89%). TLC: (CH 2 Cl 2 /MeOH = 95/5), R f = 0.25. 13 C-NMR (75 MHz, CDCl 3 , 25°C): δ 171.87 (NH-CO-CH 3 ); 163.26 (C(4)); 155.38 (C(2)); 145.75 ( 13 C(6)); 120.02 (C(5)); 94.44 (-O-CH 2 -O-); 89.59 (C(1')); 85.04 (C(4')); 79.63 (C(2')); 68.34 (C(3')); 63.19 (-O-CH 2 -CH 2 -); 60.24 (C(5')); 25.22 (NH-CO-CH 3 ); 18.86 (-O-CH 2 -CH 2 -).
N 4 -Acetyl-2'-O-(2-cyanoethoxymethyl)-5'-O-(4,4'-dimethoxytrityl)-5-D-6-13 C cytidine 3'-O-(2-cyanoethyl-N,N-diisopropylphosphoramidite) (11)
Compound 10 (1.60 g, 2.37 mmol, 1.00 eq.) was dissolved with a prepared mixture of 15 mL anhydrous methylene chloride and N,N-diisopropylethylamine (1.81 mL, 10.4 mmol, 4.37 eq.) and the clear solution was stirred at room temperature under argon atmosphere for 20 minutes. 2´cyanoethyl-N,N-diisopropylchlorophosphoramidite (0.73 g, 3.08 mmol, 1.30 eq.) was injected and the reaction mixture was stirred 3 more hours. The monitoring with TLC (EtOAc) showed a complete conversion, so 2 mL of anhydrous methanol were added to quench the reaction and the solution was stirred for 15 more minutes. It was diluted with methylene chloride and washed with half-saturated sodium bicarbonate solution. The organic layer was dried over sodium sulfate and the solvent was distilled at the rotary evaporator. The crude product was dried under high vacuum before it was purified via column chromatography (45 g SiO 2 , n-hexane/ isopropyl acetate/ acetone: 2/1/1 -1/2/2 + 1% triethylamine). Pure compound 11 was isolated as a white foam consisting of two diastereomeres. Yield: 1.80 g of a white foam (2.06 mmol, 87%). TLC: (EtOAc), R f = 0.18 + 0.24. 8-13 C-Guanine (8.20 g, 53.9 mmol, 1.00 eq.) 1 was suspended in anhydrous N,Ndimethylformamide (123 mL), acetic anhydride (15.5 mL, 161 mmol, 2.99 eq.) was added and the mixture was stirred at 170°C under argon atmosphere for 5 hours. The reaction was allowed to cool to room temperature and the solvent was removed under high vacuum. The reddish residue was suspended in a mixture of H 2 O/EtOH = 1/1 (100 mL) and refluxed for 1 hour. After cooling to room temperature, the precipitate was filtered, the filtrate was concentrated under reduced pressure and cooled to 0°C. Additional solid product was filtered, the precipitates were combined and allowed to dry under high vacuum.
Synthesis of 2'-O-CEM-(8-13 C)-Guanosine 5´-O-DMT protected building block (compound 3 in manuscript)
Yield: 9.54 g of a red-ocher solid (49.1 mmol, 91%). TLC: not determined 1 H-NMR (300 MHz, DMSO-d 6 , 25°C): δ 13.20 (s, 1H, N(7)H); 12.00 (s, 1H, N(1)H); 11.55 (s, 1H, N 2 H); 7.96 (d, 1H, 13 C (8)H, 1 J CH = 212.33 Hz); 2.18 (s, 3H, -CO-CH 3 ). 13 A mixture of compound 12 (4.00 g, 20.6 mmol, 1.00 eq.) and 1'-O-acetyl-2',3',5'-tri-Obenzoyl ribofuranoside (ATBR) (10.6 g, 20.6 mmol, 1.00 eq.) was suspended in 1,2dichloroethane (120 mL). After the addition of N,O-bis(trimethylsilyl)acetamide (30.2 mL, 120 mmol, 5.84 eq.), the mixture was heated to 110°C and stirred for 20 minutes under argon atmosphere. Carefully trimethylsilyl trifluoromethane sulfonate (TMSOTf) (11.2 mL, 61.6 mmol, 3.00 eq.) was added and the reaction mixture was refluxed for 1 hour. After cooling to room temperature, it was diluted with CH 2 Cl 2 and washed with saturated NaHCO 3solution. The organic layer was dried over Na 2 SO 4 , the solvent was removed in vacuo and the residual foam was dried under high vacuum, before pure compound 13 was obtained after column chromatography (60 g SiO 2 , EtOAc/n-hexane: 6/4 -9/1). Yield: 7.20 g of a yellow foam (11.3 mmol, 55%). TLC: (EtOAc); R f = 0.58 1 H-NMR (300 MHz, CDCl 3 , 25°C): δ 12.11 (s, 1H, N(1)H); 11.56 (s, 1H, N 2 H); 8.31 (d, 1H, 13 C (8)H, 1 J CH = 215.64 Hz); 8.01 -7.42 (m, 15H, arom. Hs (Bz)); 6.43 (triplettoid, 1H, C(1')H); 6.30 (dxd, 1H, C(2'), 3 J HH = 5.76 Hz, 3 J HH = 5.24 Hz); 6.11 (dxd, 1H, C(3'), 3 J HH = 5.71 Hz, 3 J HH = 5.58 Hz); 4.92 -4.70 (m, 3H, C(4'), C(5'), C(5'')); 2.20 (s, 3H, -CO-CH 3 ). 13 C-NMR (75 MHz, DMSO-d 6 , 25°C): δ 139.14 ( 13 C(8))
(8-13 C)-Guanosine (14)
Compound 13 (7.40 g, 11.6 mmol, 1.00 eq.) was suspended in methylamine in ethanol (33%, 160 mL). While stirring for 15 hours at room temperature under argon atmosphere, the yellow suspension turned into an orange solution. The solvent was removed in vacuo and the residue was triturated with a mixture of diethyl ether and methylene chloride to remove side products. Compound 14 was filtered and dried under high vacuum. Yield: 2.91 g of an off-white solid (10.2 mmol, 88%). TLC: not determined 1 H-NMR (300 MHz, DMSO-d 6 , 25°C): δ 10.67 (br, 1H, N(1)H); 7.93 (d, 1H, 13 C(8)H, 1 J CH = 213.33 Hz); 6.45 (br, 2H, C(2')OH, C(3')OH); 5.70 (s, 1H, C(1')H); 5.37 (br, 1H, C(5')OH); 5.03 (s, 2H, N 2 H 2 ); 4.40 (s, 1H, C(2')H); 4.09 (s, 1H, C(3')H); 3.88 (s, 1H, C(4')H); 3.63 -3.51 (m, 2H, C(5')H 2 ). 13 (8-13 C)-Guanosine (14) (2.91 g, 10.2 mmol, 1.00 eq.) was co-evaporated with anhydrous pyridine thrice and afterwards suspended in 50 mL anhydrous pyridine. The mixture was diluted with 200 mL methylene chloride, cooled to 0°C and trimethylsilyl chloride (30.3 mL, 92.2 mmol, 9.00 eq.) was slowly added under argon atmosphere. The ice bath was removed and the reaction mixture was allowed to stir at room temperature for 2 hours. After 30 minutes the suspension turned to a clear solution indicating a successful silylation. In accordance, TLC (CH 2 Cl 2 /MeOH = 7/3) showed a positive reaction and the solution was cooled on ice again. Phenoxyacetyl chloride (1.56 mL, 11.3 mmol, 1.10 eq.) was slowly dropped into the solution, a white solid precipitated and resolved quickly. After the total addition of Pac-Cl, the reaction mixture was stirred at 0°C for 3 hours. Methanol (41 mL) was added, the cold bath was removed and the mixture was stirred at room temperature for 18 more hours. The solution was evaporated to dryness and the solid residue was coevaporated with toluene twice. The solid was suspended in 60 mL of ice cold water and the resulting white suspension was stirred at 0°C for 1 hour. The precipitate was filtered, washed with cold EtOH and dried under high vacuum to obtain pure compound 15. Yield: 3.10 g of an off-white solid (7.41 mmol, 72%). TLC: (CH 2 Cl 2 /MeOH = 8/2); R f = 0. 
N 2 -Phenoxyacetyl-3',5'-O-(tetraisopropyldisiloxane-1,3-diyl)-(8-13 C)-guanosine (16)
Compound 15 (3.10 g, 7.41 mmol, 1.00 eq.) was co-evaporated with anhydrous pyridine twice, then dissolved in 45 mL of anhydrous pyridine. To the solution 1,3-dichloro-1,1,3,3tetraisopropyldisiloxane (2.96 mL, 9.26 mmol, 1.25 eq.) was added and the reaction mixture was stirred under argon atmosphere at room temperature for 2 hours. After TLC (CH 2 Cl 2 /MeOH = 9/1) showed a complete reaction, 1 mL of methanol was added to quench the reaction and the solution was stirred for further 10 minutes. The solvent was removed under reduced pressure, the residue was dissolved in chloroform and washed with saturated sodium bicarbonate solution, then with 5% citric acid. The organic phase was dried over sodium sulfate and the solution was evaporated to dryness. After drying the residue under high vacuum, the crude product was purified via column chromatography (80 g SiO 2 , EtOAc/n-hexane: 3/7 -9/1) to obtain the clean compound 16. Yield: 3.76 g of a yellow solid foam (5.69 mmol, 77%). TLC: (EtOAc); R f = 0. Compound 16 (3.76 g, 5.69 mmol, 1.00 eq.) was dissolved in 40 mL anhydrous tetrahydrofuran and 2-cyanoethyl methylthiomethylether (1.15 g, 8.88 mmol, 1.56 eq.) was added. The solution was cooled to -45°C and stirred under argon atmosphere for 30 minutes. Trifluoromethanesulfonic acid (1.34 g, 8.88 mmol, 1.56 eq.) was slowly dropped to the mixture, then N-iodosuccinimide (2.00 g, 8.88 mmol, 1.56 eq.) was added in one portion. The reaction mixture was stirred for 20 minutes at -45°C till triethylamine (1.38 mL 9.73 mmol, 1.71 eq.) was slowly added to quench the reaction and it was stirred for further 15 minutes. The mixture was diluted with cold ethyl acetate and washed with saturated, ice cold sodium thiosulfate solution twice, with saturated, ice cold sodium bicarbonate solution twice and with saturated ice cold sodium chloride solution twice. The aqueous phases were extracted with ethyl acetate, the organic layers combined and dried over sodium sulfate. The solvent was removed in vacuo and crude compound 17 was obtained while drying under high vacuum. Further purification was not carried out, crude product 17 was used for the next reaction step. Yield: Assumption: 4.23 g of compound 17 (5.69 mmol, 100%). TLC: (EtOAc/n-hexane: 9/1); R f = 0.68 1 H-NMR: not determined 13 C-NMR: not determined
Crude compound 17 (4.23 g, 5.69 mmol, 1.00 eq.) was dissolved in anhydrous THF and to the solution triethylamine trihydrofluoride (TEA·3HF) (0.92 g, 5.69 mmol, 1.00 eq.) was added. It was stirred under argon atmosphere at 35°C for 2 hours. After 30 minutes, product started to precipitate. Monitoring the reaction by TLC (EtOAc) showed the desired conversion. The mixture was cooled in an ice bath, 2 mL of water were added and the reaction was stirred vigorously for 1 hour at 0°C until precipitation of the white solid was accomplished. 33 mL ethanol were added, the mixture was allowed to warm to room temperature and stirred for 30 more minutes. The pure compound 18 was filtered and dried under high vacuum. Yield: 2.74 of a pale rose powder (5.46 mmol, 96%). TLC: (EtOAc); R f = 0. Compound 18 (2.74 g, 5.46 mmol, 1.00 eq.) was co-evaporated with anhydrous pyridine thrice, then dissolved in 35 mL anhydrous pyridine. To the reaction mixture 4,4'dimethoxytrityl chloride (2.22 g, 6.55 mmol, 1.20 eq.) was added in three equal portions in intervals of 20 minutes. The reaction was monitored by TLC (CH 2 Cl 2 /MeOH = 95/5) and showed complete conversion after 3 hours of stirring at room temperature under argon atmosphere. Pyridine was removed under reduced pressure, the residual oil was dissolved in methylene chloride and washed with saturated sodium bicarbonate solution and 5% citric acid. The organic phase was dried over sodium sulfate, the filtrate evaporated to dryness and the residue dried under high vacuum.
The crude product was purified by column chromatography (80 g SiO 2 , CH 2 Cl 2 /MeOH = 100/0 -96/4) and compound 19 was isolated as a white foam. Yield: 3.10 g of a white foam (3.86 mmol, 71%) TLC: (CH 2 Cl 2 /MeOH = 95/5); R f = 0. Compound 19 (3.10 g, 3.86 mmol, 1,00 eq.) was dissolved in 10 mL anhydrous methylene chloride and N,N-diisopropylethylamine (2.95 mL, 16.9 mmol, 4.37 eq.) was immediately added. After 20 minutes of stirring at room temperature under argon atmosphere, 2´cyanoethyl-N,N-diisopropylchlorophosphoramidite (1.83 g, 7.72 mmol, 2.00 eq.) was added and the solution was stirred for 2.5 hours. Monitoring by TLC (EtOAc) showed complete conversion, so 2 mL anhydrous methanol were added to quench the reaction. The mixture was diluted with methylene chloride and washed with half-saturated sodium bicarbonate solution. The organic layer was dried over sodium sulfate, the filtrate was evaporated to dryness and dried under high vacuum. Via column chromatography (40 g SiO 2 , 1. n-hexane/isopropyl acetate/acetone: 3/1/1 + 1% trimethylamine, eluted hydrolyzed phosphorylating reagent; 2. ethyl acetate/acetonitrile: 40/1 + 1% triehtylamine, eluted further impurities; 3. ethyl acetate/methanol: 9/1 + 1% trimethylamine, eluted product) the pure compound 20 was obtained as a white foam. Yield: 3.29 g of a white foam (3.28 mmol, 85%) TLC: (EtOAc + 1% NEt 3 ); R f = 0.60 + 0.68 1 H-NMR (300 MHz, CDCl 3 , 25°C): δ 7.92 (s, 1H, N(1)H); 7.46 (s, 1H, N 2 H); 7.42 (d, 1H, 13 C(8)H, 1 J CH = 214.92 Hz); 7.38 -7.25 (m, 11H, 2x arom. CH (m, Pac); 9x arom. CH (trityl)); 6.99 -6.92 (m, 3H, arom. CH (o/p, Pac)); 6.87 -6.82 (d, 4H, arom. CH-C-OCH 3 , 3 J HH = 8.50); 6.11 -6.05 (d, 1H, C(1')H, 3 
Synthesis of 2'-O-CEM-(6-13 C-5-D)-uridine 5´-O-DMT protected building block (compound 4 in manuscript)
Scheme 4: Synthetic route to 2'-O-CEM-(6- 13 5-D-6-13 C-uridine (3.00 g, 12.2 mmol, 1.00 eq.) 1 was co-evaporated twice with anhydrous pyridine and dissolved in 70 mL anhydrous pyridine. 1,3-Dichloro-1,1,3,3-tetraisopropyldisiloxane (4.82 g, 13.8 mmol, 1.13 eq.) was added and the solution was stirred at room temperature and under argon atmosphere. After 17 hours, the TLC (CH 2 Cl 2 /MeOH = 95/5) showed a complete conversion. Pyridine was removed at the rotary evaporator and the residue was dissolved in chloroform. It was washed with saturated sodium bicarbonate solution twice and 5% citric acid. The organic layer was dried over sodium sulfate, the filtrate was evaporated to dryness and the residue was dried under high vacuum. To isolate the pure compound 21, the crude product was purified by column chromatography (60 g SiO 2 , EtOAc/n-hexane: 1/1 -7/3). Yield: 3.11 g of an off-white foam (6.37 mmol, 52%) TLC: (CH 2 Cl 2 /MeOH = 9/1), R f = 0. 
2'-O-(2-cyanoethoxymethyl)-3',5'-O-(tetraisopropyldisiloxane-1,3-diyl)-5-D-6-13 C-uridine (22)
Compound 21 (3.11 g, 6.37 mmol, 1.00 eq.) was dissolved in 40 mL anhydrous tetrahydrofuran and 2-cyanoethyl methylthiomethylether (1.30 g, 9.93 mmol, 1.56 eq.) was added. The clear solution was cooled to -45°C and stirred under argon atmosphere for 30 minutes. Trifluoromethanesulfonic acid (1.50 g, 9.93 mmol, 1.56 eq.) was carefully dropped to the mixture and after 5 minutes of stirring N-iodosuccinimide (2.23 g, 9.93 mmol, 1.56 eq.) was added in one portion. The reaction mixture was stirred for 20 minutes at -45°C till triethylamine (1.52 mL, 10.9 mmol, 1.71 eq.) was slowly added to quench the reaction and it was stirred for further 15 minutes. The mixture was diluted with ethyl acetate and washed with saturated sodium thiosulfate solution twice, with saturated sodium bicarbonate solution twice and with saturated sodium chloride solution. The aqueous phases were extracted with ethyl acetate, the organic layers were combined and dried over sodium sulfate. The solvent was removed under reduced pressure and the crude oily product was obtained while drying under high vacuum. It was purified with column chromatography (40 g SiO 2 , EtOAc/n-hexane: 1/9 -1/1) and the pure compound 22 was obtained as a white foam. Yield: 2.85 g of a white foam (4.99 mmol, 78%). TLC: (CH 2 Cl 2 /MeOH = 9/1), R f = 0. 13 C-NMR (75 MHz, CDCl 3 , 25°C): δ 163.79 (C(4)); 150.64 (C(2)); 139.42 ( 13 C(6)); 118.35 (C(5)); 94.85 (-O-CH 2 -O-); 82.19 (C(1')); 78.27 (C(2')); 68.63 (C(3')); 63.19 (C(5')); 61.24 (C(4')); 59.68 (-O-CH 2 -CH 2 -); 19.15 (-O-CH 2 -CH 2 -); 17.87 -13.01 (-Si-CH-(CH 3 ) 2 ; -Si-CH-(CH 3 ) 2 ).
2'-O-(2-cyanoethoxymethyl)-5-D-6-13 C-uridine (23)
Compound 22 (6.96 g, 12.2 mmol, 1.00 eq.) was dissolved in 54 mL anhydrous methanol and ammonium fluoride (1.66 g, 44.5 mmol, 3.65 eq.) was added. The reaction mixture was heated to 50°C and stirred for 5 hours under argon atmosphere. After TLC (CH 2 Cl 2 /MeOH = 9/1) showed complete conversion, methanol was removed in vacuo and the residue was dissolved in acetonitrile. A white solid was precipitating, which was removed by filtration and washed with acetonitrile. The organic phase was extracted with hexane twice, the hexane layers were discarded and the acetonitrile phase was evaporated to dryness. The residual oil was isolated as crude compound 23 and dried under high vacuum.
No further purification steps were carried out and the crude product 23 was used in the next step of synthesis. Yield: Assumption: 4.01 g of compound 3 (12.2 mmol, 100%). TLC: (CH 2 Cl 2 /MeOH = 10/1), R f = 0.21 1 H-NMR: not determined 13 C-NMR: not determined
2'-O-(2-cyanoethoxymethyl)-5'-O-(4,4'-dimethoxytrityl)-5-D-6-13 C-uridine (24)
Crude compound 23 (4.01 g, 12.2 mmol, 1.00 eq.) was co-evaporated with anhydrous pyridine twice and then dissolved in 85 mL of anhydrous pyridine. To the reaction mixture 4,4'-dimethoxytrityl chloride (4.97 g, 14.6 mmol, 1.20 eq.) was added in three equal portions in intervals of 20 minutes. The reaction was monitored by TLC (CH 2 Cl 2 /MeOH = 95/5) and showed complete conversion after 2 hours of stirring at room temperature under argon atmosphere. The solvent was removed at the rotary evaporator, the residual oil was dissolved in methylene chloride and washed with saturated sodium bicarbonate solution and with 5% citric acid. The organic phase was dried over sodium sulfate, the filtrate was evaporated to dryness and dried under high vacuum.
The resulting foam was purified by column chromatography (50 g SiO 2 , CH 2 Cl 2 /MeOH = 100/0 -97/3) and pure compound 24 was isolated as an off-white foam after drying under high vacuum. Yield 
2'-O-(2-cyanoethoxymethyl)-5'-O-(4,4'-dimethoxytrityl)-5-D-6-13 C-uridine-3'-O-(2cyanoethyl-N,N-diisopropylphosphoramidite) (25)
N,N-Diisopropylethylamine (3.85 mL, 22.0 mmol, 4.37 eq.) was diluted with 30 mL of anhydrous methylene chloride and compound 24 (3.18 g, 5.04 mmol, 1.00 eq.) was dissolved in the prepared solvent mixture. After 20 minutes of stirring at room temperature 2´cyanoethyl-N,N-diisopropylchlorophosphoramidite (1.92 g, 8.06 mmol, 1.60 eq.) was given to the reddish reaction mixture, the color changed to light yellow and the solution was stirred for 2 hours. Monitoring with TLC (EtOAc) showed a complete conversion, 2 mL of anhydrous methanol were added to the solution and it was stirred for 15 more minutes. The reaction mixture was diluted with methylene chloride and washed with half-saturated sodium bicarbonate solution. The organic layer was dried over sodium sulfate and the filtrate was evaporated to dryness at the rotary evaporator. The residual off-white foam was dried under high vacuum before it was purified via column chromatography (45 g SiO 2 , EtOAc/n-hexane: 1/1 -7/3 + 1% triethylamine). Pure compound 25 was obtained as a white foam consisting of a mixture of two diastereomeres. Yield -(1,3-15 N 2 
Synthesis of 2'-O-CEM

)-dihydrouridine 5´-O-DMT protected building block (compound 5 in manuscript)
Scheme 5: Synthetic pathway to 2'-O-CEM- (1, (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) O, 1) 80°C, 2h, 2) rt, 15 h, 100%; (b) 15 
N)-Dihydrouridine 5´-O-DMT protected building block; reagents and conditions: (a) KCN, in H 2
2-Cyanoacetic acid (26)
Bromoacetic acid (6.99 g, 50.3 mmol, 1.00 eq.) was dissolved in 20 mL water and a saturated solution of sodium carbonate was added until the reaction mixture reached pH 11. Potassium cyanide (3.27 g, 50.3 mmol, 1.00 eq.) was dissolved in 20 mL water and poured into the reaction mixture. The clear, colorless solution was heated to 80°C and stirred for 2 hours. The heating was removed, the mixture allowed to cool to room temperature and stirred for 15 more hours. Concentrated hydrochloric acid (10 mL) was added to adjust the pH value to 1, the solvent was removed at the rotary evaporator and the white, solid residue was dried under high vacuum for 30 minutes. The product was extracted with 500 mL diethyl ether, the remaining salt was filtered and washed with additional diethyl ether. The filtrate was evaporated and pure compound 26 was dried under high vacuum. Yield: 4.28 g of an off-white solid (50.3 mmol, 100%). TLC: not determined 1 H-NMR (300 MHz, DMSO-d 6 , 25°C): δ 3.86 (s, 2H, NC-CH 2 -CO-).
4,7-15 N 2 -Cyanoacetyl urea (27)
Compound 26 (4.28 g, 50.3 mmol, 1.00 eq.) was mixed with 15 N 2 -urea (4.04 g, 67.3 mmol, 1.34 eq.) and then suspended in acetic anhydride (8.67 mL, 91.7 mmol, 1.82 eq.). The white suspension was stirred at 100°C for 30 minutes and a yellow solid began to precipitate. 20 mL water were added and the reaction mixture was stirred for 5 more minutes until it was allowed to cool to room temperature. The precipitate was filtered and washed with ice cold water. After drying under high vacuum, pure compound 27 was obtained as a white solid. Yield: 5.20 g of a white solid (40.9 mmol, 81%). TLC: not determined 1 H-NMR (300 MHz, DMSO-d 6 , 25°C): δ 10.38 (d, 1H, -CO-15 NH-CO-, 1 J NH = 90,00 Hz); 7.36 (d, 2H, -CO-15 NH 2 , 1 J NH = 90.00 Hz); 3.92 (s, 2H, NC-CH 2 -CO-).
1,3-15 N 2 -Uracil (28)
A mixture of acetic acid and water (1/1; 35 mL) was prepared to suspend 2.62 g of 5% palladium on barium sulfate in a 1 L round bottom flask. The reaction vessel was evacuated and flushed with hydrogen several times. The reduced palladium colored the suspension black. Compound 27 (5.20 g, 40.9 mmol, 1.00 eq.) was separately suspended in 130 mL with the 1/1-mixture of acetic acid and water and heated to 100°C to dissolve all solid. The solution was poured to the catalyst suspension and the flask was evacuated and flushed with hydrogen several times again. The reaction mixture was stirred vigorously for 12 hours, heated to 70°C and stirred for another hour. Palladium on barium sulfate was filtered over celites and washed with water. The filtrate was concentrated under reduced pressure until the product began to precipitate. The residual mixture was cooled to 4°C over night to accomplish the precipitation. After filtration, pure compound 28, a white solid, was obtained. Yield: 2.97 g of a white solid (26.1 mmol, 64%). TLC: (CH 2 Cl 2 /MeOH = 9/1), R f = 0. 1,3-15 N 2 -uracil (28) (2.97 g, 26.1 mmol, 1.00 eq.) was suspended in 100 mL acetonitrile, 1'-Oacetyl-2',3',5'-tri-O-benzoyl--D-ribofuranose (ATBR) (13.1 g, 26.1 mmol, 1.00 eq.) and N,Obis(trimethylsilyl)acetamide (BSA) (19.1 mL, 78.2 mmol, 3.00 eq.) were added and the mixture was stirred at 60°C under argon atmosphere. After 30 minutes trimethylsilyl trifluoromethanesulfonate (TMSOTf) (16.7 mL, 91.2 mmol, 3.50 eq.) was injected and the reaction mixture was stirred for another 30 minutes until TLC (EtOAc/n-hexane = 1/1) showed a complete conversion. The solvent was removed at the rotary evaporator and the oily residue was diluted with methylene chloride. The solution was washed with saturated sodium bicarbonate solution. After drying the organic layer over sodium sulfate, the solvent was evaporated and the resulting solid turned into a powder while drying under high vacuum. The crude product purified by column chromatography (50 g SiO 2 , CH 2 Cl 2 /MeOH: 100/0 -96/4) to obtain pure compound 29. Yield: 11.9 g of an off-white powder (21.3 mmol, 82%) TLC: (EtOAc/n-hexane = 1/1), R f = 0. 
1,3-15 N 2 -uridine (30)
Compound 29 (11.9 g, 21.3 mmol, 1.00 eq.) was dissolved in 70 mL methylamine in absolute ethanol (33 wt. %) and stirred at room temperature under argon atmosphere for 16 hours. The solvent was removed at the rotary evaporator and the remaining oil was diluted with water. It was washed with methylene chloride, the aqueous layer was evaporated to dryness and the residual off-white foam was recrystallized from ethanol to obtain the pure product 30 as a white powder. Yield: 4.47 g of a white powder (18.2 mmol, 86%). TLC: (CH 2 Cl 2 /MeOH = 9/1), R f = 0.11. 
1,3-15 N 2 -dihydrouridine (31)
1,3-15 N 2 -uridine (30) (4.40 g, 18.2 mmol, 1.00 eq.) was dissolved in 100 mL water and 0.95 g 5% rhodium on activated charcoal were added to the solution. The 1 L round bottom flask was evacuated and flushed with hydrogen several times to ensure a pure hydrogen atmosphere. The mixture was stirred vigorously at room temperature for 66 hours. Reaction control via NMR spectroscopy showed the successful reduction of the double bound between C(5) and C(6). The catalyst was removed by filtration over celites and washed with water. The filtrate was evaporated to dryness and the residue was co-evaporated three times with methanol. After drying under high vacuum, pure compound 31 was obtained as a white foam. Yield 
3',5'-O-(tetraisopropyldisiloxane-1,3-diyl)-1,3-15 N 2 -dihydrouridine (32)
Compound 31 (4.23 g, 17.1 mmol, 1.00 eq.) was co-evaporated with anhydrous pyridine twice, then dissolved in 100 mL anhydrous pyridine. 1,3-Dichloro-1,1,3,3tetraisopropyldisiloxane (6.04 g, 19.1 mmol, 1.12 eq.) was added and the solution was stirred at room temperature under argon atmosphere for 2 hours. Monitoring by TLC (EtOAc) showed complete conversion (detection with anisaldehyde staining solution (90 mL absolute ethanol, 5 mL anisaldehyde, 5 mL concentrated sulfuric acid and 1 mL acetic acid)). The solvent was removed under reduced pressure and the residue was dissolved in chloroform. It was washed with saturated sodium bicarbonate and 5% citric acid. The organic layer was dried over sodium sulfate and the filtrate was evaporated to dryness. The yellow oily residue, was dried under high vacuum, then purified via column chromatography (60 g SiO 2 , n-hexane/EtOAc: 6/4) to obtain pure compound 32 as a white solid. Yield: 5.24 g of a white solid (10.7 mmol, 63%). TLC: (EtOAc) R f = 0. 2 ). 13 C-NMR (75 MHz, DMSO-d 6 , 25°C): δ 171.04 (C(4)); 153.90 (C(2)); 90.83 (C(1')); 80.76 (C(4')); 72.84 (C(3')); 71.05 (C(2')); 61.55 (C(5')); 37.34 (C(6)); 31.52 (C(5)); 18.19 -12.90 (-Si-CH-(CH 3 ) 2 ; -Si-CH-(CH 3 ) 2 ).
2'-O-(2-cyanoethoxymethyl)-3',5'-O-(tetraisopropyldisiloxane-1,3-diyl)-1,3-15 N 2dihydrouridine (33)
Compound 32 (5.24 g, 10.7 mmol, 1.00 eq.) was dissolved in 75 mL anhydrous tetrahydrofuran and 2-cyanoethyl methylthiomethylether (2.19 g, 16.7 mmol, 1.56 eq.) was added. The solution was cooled to -45°C and stirred under argon atmosphere for 30 minutes. Trifluoromethanesulfonic acid (2.52 g, 16.7 mmol, 1.56 eq.) was slowly dropped to the mixture and 5 minutes later N-iodosuccinimide (3.75 g, 16.7 mmol, 1.56 eq.) was added in one portion. The reaction mixture was stirred for 20 minutes at -45°C till triethylamine (2.55 mL, 18.3 mmol, 1.71 eq.) was slowly added over a period of 10 minutes to quench the reaction and it was stirred for further 20 minutes. The mixture was diluted with ethyl acetate and washed with saturated, ice cold sodium thiosulfate solution twice, saturated, ice cold sodium bicarbonate solution twice and saturated sodium chloride solution. The aqueous phases were extracted with ethyl acetate, the organic layers were combined and dried over sodium sulfate. The solvent was evaporated and the crude product, a yellow viscous oil, was obtained while drying under high vacuum.
Further purification actions and a NMR spectroscopic characterization were not carried out, crude compound 33 was used in the next reaction step Yield: Assumption: 6.13 g (10.7 mmol, 100%). TLC: (EtOAc), R f = 0.85 1 H-NMR: not determined 13 C-NMR: not determined
2'-O-(2-cyanoethoxymethyl)-1,3-15 N 2 -dihydrouridine (34)
Crude compound 33 (6.13 g, 10.7 mmol, 1.00 eq.) was dissolved in 75 mL anhydrous tetrahydrofuran and triethylamine trifluorohydride (1.90 g, 11.8 mmol, 1.10 eq.) was added. The solution was stirred under argon atmosphere at room temperature for 2 hours. After TLC (EtOAc) showed complete conversion, the solvent was evaporated and the remaining oil was obtained as crude product 34. Further purification actions and a characterization with NMR spectroscopy were not carried out, the crude compound was applied for the next step of synthesis. Yield: Assumption: 3.54 g of compound 34 (10.7 mmol, 100%). TLC: (EtOAc), R f = 0.08 1 H-NMR: not determined 13 C-NMR: not determined
2'-O-(2-cyanoethoxymethyl)-5'-O-(4,4'-dimethoxytrityl)-1,3-15 N 2 -dihydrouridine (35)
Crude compound 34 (3.54 g, 10.7 mmol, 1.00 eq.) was co-evaporated with anhydrous pyridine twice, then dissolved in 75 mL anhydrous pyridine. To the reaction mixture 4,4'dimethoxytrityl chloride (4.36 g, 12.8 mmol, 1.20 eq.) was added in three equal portions in intervals of 20 minutes. The reaction was monitored by TLC (CH 2 Cl 2 /MeOH = 95/5) and showed a complete conversion after 12 hours of stirring at room temperature under argon atmosphere. Pyridine was removed at the rotary evaporator, the residual oil was dissolved in methylene chloride and washed with saturated sodium bicarbonate solution and 5% citric acid. The organic phase was dried over sodium sulfate, the filtrate was evaporated to dryness and the remaining foam was dried under high vacuum.
The crude product was purified by column chromatography (60 g SiO 2 , CH 2 Cl 2 /MeOH = 100/0 -96/4) and the analytical pure compound 35 was isolated as an off-white foam after drying under high vacuum. Yield: 5.04 g of an off-white foam (7.96 mmol, 75%). N,N-diisopropylethylamine (6.08 mL, 34.8 mmol, 4.37 eq.) was diluted with 50 mL of anhydrous methylene chloride and compound 35 (5.04 g, 7.96 mmol, 1.00 eq.) was dissolved in the prepared solvent mixture. After 20 minutes of stirring at room temperature under argon atmosphere, 2´cyanoethyl-N,N-diisopropylchlorophosphoramidite (1.32 g, 5.54 mmol, 1.10 eq.) was given to the reaction mixture and the solution was stirred for 1.5 hours. Monitoring with TLC (EtOAc/n-hexane = 8/2) showed a complete conversion, so 2 mL anhydrous methanol were added and it was stirred for 20 more minutes. The reaction mixture was diluted with methylene chloride and washed with half-saturated sodium bicarbonate solution. The organic layer was dried over sodium sulfate and the filtrate was evaporated to dryness at the rotary evaporator. The resulting white foam was dried under high vacuum before it was purified via column chromatography (60 g SiO 2 , EtOAc/n-hexane:
(2-13 C)-6-Amino-2-thioxo-1,2-dihydro-4(3H)-pyrimidinone (37) Sodium (1.60 g, 69.6 mmol, 1.05 eq.) was dissolved in absolute ethanol (50 mL) under argon atmosphere, then ethyl cyanoacetate (7.50 g, 66.3 mmol, 1.00 eq.) was added. To the resulting suspension 13 C-thiourea (5.10 g, 66.1 mmol, 1.00 eq.) was added and the mixture was refluxed for 2 hours. The solvents were removed in vacuo and the solid residue was dissolved with water (90 mL) to give a yellow solution. Acetic acid was added until pH 7 to precipitate the desired product. The solid was filtered, successively washed with water, ethanol and acetone and pure compound 37 was obtained as a white powder after drying under high vacuum. Yield Compound 37 (8.77 g, 60.8 mmol, 1.00 eq.) was suspended in 1 N hydrochloric acid (175 mL) and a solution of sodium nitrite (4.41 g, 63.9 mmol, 1.05 eq.) in water (53 mL) was added to the reaction mixture at 0°C. It was stirred for 5 hours, until the red precipitate was filtered and successively washed with cold water and ethanol to give pure compound 38. Yield: 9.43 g of a red powder (54.5 mmol, 90%) TLC: not determined 1 Compound 38 (9.43 g, 54.5 mmol, 1.00 eq.) was suspended in saturated sodium bicarbonate solution (225 mL) and solid sodium dithionite (24.7 g, 142 mmol, 2.60 eq.) was added in 4 equal portions at 0°C. The reaction mixture was stirred for 6h, then acetic acid was added until pH 6 was reached. The evolving precipitate was filtered, successively washed with ice cold water and ethanol. Pure compound 39 was dried under high vacuum. Yield Compound 39 (9.43 g, 54.5 mmol, 1.00 eq.) was dissolved in 5% aqueous ammonia (235 mL) and RANEY® nickel (45 mL of a 50% slurry in water) was added under hydrogen atmosphere. The reaction mixture was refluxed for 2 hours with vigorous stirring. The hot reaction mixture was filtered over celites and the filter cake was washed with boiling water several times. The filtrate was concentrated under reduced pressure and the yellowish residue, compound 40, was co-evaporated with ethanol before drying under high vacuum. Yield: 6.37 g of a pale yellow solid (50.1 mmol, 92%) TLC: not determined 1 Compound 40 (3.95 g, 30.8 mmol, 1.00 eq.) was suspended with water (12 mL), then concentrated sulfuric acid (1.65 mL, 30.8, 1.00 eq) and 13 C-formic acid (1.75 mL, 46.3 mmol, 1.50 eq.) were successively added to the pale-yellow mixture. The reaction was refluxed 24 hours under argon atmosphere. It was allowed to cool to room temperature, then neutralized with ammonia (28%) and acetic acid. The red precipitate was filtered, washed with water, ethanol and acetone and dried under high vacuum. Yield: 2.31 g of a red solid (16.7 mmol, 54%) TLC: not determined 1 A mixture of solid compound 41 (3.36 g, 24.3 mmol, 1.00 eq.) and 1'-O-acetyl-2',3',5'-tri-Obenzoyl ribofuranoside (ATBR) (12.5 g, 24.3 mmol, 1.00 eq.) was co-evaporated with toluene twice, then suspended in toluene (150 mL). After addition of N,Obis(trimethylsilyl)acetamide (36.7 mL, 146 mmol, 6.01 eq.), the mixture was heated to 110°C and stirred for 30 minutes under argon atmosphere. The reaction was allowed to cool to room temperature, trimethylsilyl trifluoromethane sulfonate (TMSOTf) (13.5 mL, 74.7 mmol, 3.00 eq.) was added and the mixture was refluxed for 30 more minutes. Monitoring by TLC (CH 2 Cl 2 /MeOH = 9/1) showed complete conversion. Toluene was removed in vacuo and the residue was dissolved with methylene chloride. The solution was washed with saturated sodium bicarbonate solution twice, the aqueous phase was extracted with diethyl ether twice, the organic layers were combined and dried over sodium sulfate. After evaporating the solvents, the crude product was purified by column chromatography (100 g SiO 2 , CH 2 Cl 2 /MeOH: 100/0 -94/6) to obtain compound 42 as a yellow foam. Yield: 10.6 g of a yellow foam (16.6 mmol, 68%) TLC: (CH 2 Cl 2 /MeOH = 95/5); R f = 0. Compound 42 (10.6 g, 16.6 mmol, 1.00 eq.) was dissolved in a methylamine solution in ethanol (33% wt., 150 mL). The mixture was stirred for 18 hours at room temperature under argon atmosphere, then the solvent was removed in vacuo and the brown residue was dissolved with methanol. After adding diethyl ether, the product precipitated as a white solid. It was filtered and refluxed in diethyl ether afterwards for 30 minutes to remove residual benzamides. Pure compound 43 was filtered and dried under high vacuum. Yield: 3.06 g of an off-white solid (11.32 mmol, 78%). TLC: (CH 2 Cl 2 /MeOH = 7/3); R f = 0. Compound 43 (1.00 g, 3.70 mmol, 1.00 eq.) was co-evaporated with anhydrous pyridine twice and then dissolved in 20 mL of anhydrous pyridine. 1,3-dichloro-1,1,3,3tetraisopropyldisiloxane (1.33 mL, 4.14 mmol, 1,12 eq.) was added and the reaction mixture was stirred under argon atmosphere at room temperature for 18 hours. Monitoring by TLC (CH 2 Cl 2 /MeOH = 9/1) showed a complete reaction, 2 mL methanol were added to quench the reaction and the solvent was removed under reduced pressure. The residue was dissolved in methylene chloride and washed with saturated sodium bicarbonate solution, then with 5% citric acid. The organic phase was dried over sodium sulfate, the filtrate was evaporated under reduced pressure and the residual crude product was purified via column chromatography (75 g SiO 2 , CH 2 Cl 2 /MeOH: 100/0 -95/5). Yield: 1.00 g of a yellow foam (1.95 mmol, 53%) TLC: (CH 2 Cl 2 /MeOH = 9/1); R f = 0.71 1 H-NMR (300 MHz, DMSO-d 6 , 25°C): δ 12.38 (s, 1H, N(1)H); 8.16 (d, 1H, 13 C(2)H, 1 J CH = 214.59 Hz); 7.99 (d, 1H, 13 C(8)H, 1 J CH = 205.44 Hz); 5.87 (s, 1H, C(1')H); 5.68 (d, 1H, C(2')OH, 3 J HH = 4.80); 4.61 -4.57 (m, 1H, C(2')H); 4.45 (dd, 1H, C(3')H, 3 J HH = 4.71 Hz, 3 J HH = 5.28 Hz); 4.11 -3.93 (m, 3H, C(4')H, C(5')H 2 ); 1.08 -1.00 (m, 28H, 4x -Si-(CH)-(CH 3 ) 2 ; 4x -Si-(CH)-(CH 3 ) 2 ) 13 C-NMR (75 MHz, DMSO-d 6 , 25°C): δ 146.61 ( 13 C(2)); 139.05 ( 13 C(8))
2'-O-(2-Cyanoethoxymethyl)-3',5'-O-(tetraisopropyldisiloxane-1,3-diyl)-(2,8-13 C 2 )-inosine (45)
Compound 44 (1.00 g, 1.95 mmol, 1.00 eq.) was dissolved in 15 mL anhydrous tetrahydrofuran, 2-cyanoethyl methylthiomethylether (0.40 g, 3.04 mmol, 1.56 eq.) was added and the solution was cooled to -45°C. It was stirred under argon atmosphere for 30 minutes, then trifluoromethanesulfonic acid (0.46 g, 3.04 mmol, 1.56 eq.) was slowly dropped to the mixture. N-iodosuccinimide (0.69 g, 3.04 mmol, 1.56 eq.) was added in one portion and the reaction mixture was stirred for 20 minutes at -45°C till triethylamine (0.47 mL, 3.33 mmol, 1.71 eq.) was slowly added over 15 minutes to quench the reaction. The mixture was diluted with cold ethyl acetate and washed successively with saturated, ice cold sodium thiosulfate solution twice, saturated, ice cold sodium bicarbonate solution twice and saturated ice cold sodium chloride solution. The aqueous phases were extracted with ethyl acetate, the organic layers were combined and dried over sodium sulfate. The solvent was removed in vacuo and the pure compound 45 was obtained after column chromatography (40 g SiO 2 ; CH 2 Cl 2 /MeOH: 100/0 -95/5). Yield: 560 mg of a yellow foam (0.94 mmol, 48%) TLC: (CH 2 Cl 2 /MeOH: 95/5); R f = 0. Compound 45 (560 mg, 0.94 mmol, 1.00 eq.) was dissolved in anhydrous THF and triethylamine trihydrofluoride (TEA·3HF) (0.20 g, 0.94 mmol, 1.00 eq.) was added. The solution was stirred under argon atmosphere at 45°C for 2 hours. Monitoring by TLC (CH 2 Cl 2 /MeOH = 9/1) showed the desired conversion, so the solvent was removed in vacuo. The yellow crude compound 46 was not further purified and directly used for the next step of synthesis. Yield: Assumption: 332 mg of compound 46 (0.94 mmol, 100%) TLC: (CH 2 Cl 2 /MeOH: 9/1); R f = 0.10 1 H-NMR: not determined 13 C-NMR: not determined
2'-O-(2-Cyanoethoxymethyl)-5'-O-(4,4'dimethoxytrityl)-( 2,8-13 C 2 )-inosine (47)
Crude compound 46 (332 mg, 0.94 mmol, 1.00 eq.) was co-evaporated with anhydrous pyridine twice, then dissolved in 35 mL anhydrous pyridine. 4,4'-dimethoxytrityl chloride (1.43 g, 4.23 mmol, 4.50 eq.) was added progressively until TLC (CH 2 Cl 2 /MeOH = 95/5) showed a complete conversion after 4 hours of stirring at room temperature under argon atmosphere. The reaction as quenched by adding 1 mL methanol, solvents were removed under reduced pressure and the residual oil was dissolved in methylene chloride. It was washed with saturated sodium bicarbonate solution and 5% citric acid. The organic phase was dried over sodium sulfate, the filtrate evaporated to dryness and the residue dried under high vacuum.
The crude product was purified by column chromatography (30 g SiO 2 , CH 2 Cl 2 /MeOH = 100/0 -96/4) and compound 47 was isolated as a yellow foam after drying under high vacuum.
Yield: 470 mg of a yellow foam (0.72 mmol, 76%) TLC: (CH 2 Cl 2 /MeOH: 95/5); R f = 0.28 1 H-NMR (300 MHz, DMSO-d 6 , 25°C): δ 12.41 (s, 1H, N(1)H); 8.21 (d, 1H, 13 C(2)H, 1 J CH = 214.05 Hz); 8.00 (d, 1H, 13 C(8)H, 1 J CH = 205.71 Hz); 7.38 -7.23 (m, 9H, arom. CH); 6.93 -6.83 (m, 4H, arom. CH-C-OCH 3 ); 6.07 (s, 1H, C(1')H); 5.40 (d, 1H, C(3')OH, 3 J HH = 6.12 Hz) 4.86 -4.75 (m,
